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TRANSMISSION. OP ilEAI PROM A PLAT PLATE TO 
A JLUID I-LOTTING AT A HIGH VELOCITY* 
By Luigi Crocoo 



SUM!iARY 



The writer, starting with the consideration of the • 
hydro dynamic and thermodynamic equations for th e turhulen t 
Ijou ndary layer of a flat pla te when it is necessary to take 
into account the heat produced "by friction, arrives at the 
conclusion that the transmission of the heat follows the /^i i 
same law that is valid when the fri^^oyonal, h^ negligi- (i ^ • 

"ble, provided the temperature of the fluid is'considefed 'j i! 
to "be that which the fluid would reach if arrested adia- 
batically. It is then shown how the same law holds good 
for faired "bodies, and some applications of the law are 
made to the problems of flight at very high speeds. 

The ordinary theory of heat transmission "between a 
flat plate and a flowing fluid completely ignores the ef- 
'fect of the heat developed "by friction on the temperature 
near the plate and on the coefficient of transmission. In 
practice, the heat produced "by friction may "be disregard- 
ed so long as the velocity is kept within normal limits. 
At very high speeds, hov^evor, toward which modern flight 
is tending, the effect of friction is so great as to losld • 
to entirely erroneous results even from tha qualitative 
viewpoint, unless this effect is taken into account. 
Hence it is necessary to determine how the customary heat-. ^ 
transiai ssion formulas, can "be adapted to this case. In the 
present article, which constitutes the essential part of 
a paper recently presented to the R. Accademia dei Lincoi 
(reference 1), this result is accomplished in a remarkably 
simple manner, as follows. 

In o.ur case the hydrodynamic equations for the hound 
ary layer are reduced to the following: 



♦"Sullen trasmissione del calore da una lamina plana a un 
fluido scorrento ad alta volocita. " L ' Aer otecnica, Pebru 
ary, 1932, pp. 181-197, 
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i'or y = 0, u = v = 0. Tor y = 6 (thickness, of boundary 
layer), -a. = TJ (velocity of -audi sturted flow) arid 

ay ay V : civj 

To this may be added the thermodynamic equation expressing 
the heat "balance for a volumetric element af the fluid, an 
equation, which, simplified "by Pohlhausen (reference 2) for 
the present case. Joins the temperature field to' the veloc- 
ity field: 

^ I The. symhols have,' the usual ineaining. Anyhow the symbpl'' f 'ot 
r the speiaif.ic, heat is wiritten Sp^ because the inve'stiga- 
' tion is pf practical importance only for gaser5"ti.s fluids;'^ 



The effect of the frictiona'l'' heat is included in" the 
last term, whose quadratic dependence on the velocity field 
explains why it may be di sregarded- so long as it does not 
attain, high values. Just for this reason, thi.s..jinve-Stiga- 

ti.on- will , be confined to the cas_e__'of_.the turbul ent_bound- 

ary, layer . Itvis possible, however / on the basis of Pohl- 
ElrccSi^tt'^ results, to effect the required solution and to 
calculate the transmission by a method similar' to the fol- 
lowing, although more complicated. 

The greater simplicity for turbulent flow is due to 
the ability ip. t his case to write 

^, ^turb I ' 

-turb 

while the analogous coefficient in laminar or parallel 
flow differs from unity, though •constant.'f'OE -each- fluid. 
By utilizing this relation in equation. (2) ;.and. adding it 
to the first of equations (l) multiplied ,_by u/gEcp,.. we 
obtain- the following' eqiftation: . 
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ax V. 2g B ,cp/ ay -\ 2g ^ 

(3) 

■ •a_ / -uf 

^turt (^^ + gg E Op, 



a_ 
ay 



of a form perfectly analogous to the first of equations 
(1) in u and therefore satisfied by putting 

. . u3 

^ + o „ --c ^ ■= a u + const. ■ • 

• <dg J!i Cp 

This solution appears as a superposition of 4i—awnWiiu Bin^minji-, 
The first, 

u2 

T + _ — _ = const,, 

. 2g E Cp ■ 

is a particular solt^tion of equation (2), characterized 
by the fact that- all the heat develope d b y---<F.TT. i^io n re-- 
mali LS in the "bounda ry layers (Reference 3.) Stfeas^ it is 
easily recognized by no^Tng that the gradient x>f T, to 
which the flow pf heat is proportional, -38*^ i s . u dnx/by 
and is therefore zero for y ~ 0 and for y = 6. This 
solution is therefore valid when the . surf ace -o-f the plate 
is impermeable to heat ^^f>/'S./<«it(<J . 

The other solution, T^ u,-+ const,, la, instead, 

a solution of the ho-mogoneous equation corresponding to 
oqxiation (2) and obtained from the latter by eliminating 
tho last t erm, ■ Honce it' does not take account of the 
frictional hoat; and represents the temperature fi old duo 
to tho flow o;f heat f romTt ^e j^al^ an idoal fluid or, 

approximately,, into an. actual f lu f Br~X^rswtTCg--*artrTa'"'l e - 
locity,- In such a case and for a turbulent flow, it ap- 
pears that the two fields of temperature and velocity are 
similar, as demonstrated by Prandtl and confirmed by ex- 
periments,* Under these conditions the • calculation of the 
heat transmission from the wall is immediate. 

Indicating by Tgp and T^g the respe ctive values of 

Tg at ■^t'he wail and oh the surface of the boundary layer, 
the similitude can be eacpressed in the follow;ing form 

- - T sS-^ (Tap - Ta.s) (l - ^) 

*Seo account of the ozperiaents of Pranz Ellas in Abhand- 
lungon aus dom Acrodyn. Inst, an der Tech. Hochschulo 
Aachen, Eo. 9, 
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How tho quantity of heat teiksA' froa a surface of unit 
widtli and length; 1, all "being retained in tho iDouiidary 
layer, is represented ty 

• 5- 

Q =-7 ••7. u Cp (Is " T2§)'dy (5) 

By substituting. t^e preceding expression for Tg - Ta6» 
v/e obtain ' ' '. ' 

Q = (Tap - T36) / 7 Cp u^l - l^dy; 

so that the heat carried off Is easily calculated when a 
logical distribution is assuned for u... 

Latzkd (reference 4), by utilizing the well-isnown law 
Ti = U deduced by Earman from the empirical formula, 

of Elasius for the resistance of' tubes, found that 

^= 0.0356 7 Cp' U.(^Y'' (Tgp - T^^). 

Experience- has' shown that, with increasing Reynolds 
Uumbers, the exponent of the law of velocity distribution 
decreases and may raise doubts as to the validity ef 
Latzko ' s formula at high velocitie.s,. ■ On the- contrary, one 
is easily convinced when lie reflects on the intimate con- 
nection betweer^ the coefficient of heat transmission and 
the coefficient of friction, and on the close approxima- 
tion with which the empirical f orinula of Blasius, intnrpo- 
lates, for the coefficient of friction to. which Latzko 's 
forraula corresponds, the experimental resul.ts oven to tho 
highest Eeyriolds ITuiabers, On the other hand, in a troat- 
ise now. in preparation, which I expect to publish later 
and in which. I have sought to incorporate the latest theo- 
ries on turbulence, results are obtained which differ but . 
little from the formulas of Blasiiis and Latzko, although . 
expres,sed -in a much moro complex form. This confirms the 
approxintito validity of Latzko ' s formula even at high vo- 
locities* In any case it is known that the results do. not 
differ substantially, whatever nay bo tho coofficiont of ■ 
transmission, ■ ' 

•Wo now roturn to the considorfetion. of a real fluid in 

which 'the frictional heat is no longer negligible and the 
temperature field must be regarded as a superposition- of 
the two- previously mentioned fields... 
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On designating the valiies of .. at the wall and at 

the outer surface of the "boundary layer by and Tig, 

wo obtain . . 

and therefore * \.X/ 

m ■ ■ - u ■ „ U 



Moreoxrer, the effective teiaperature being T = Ji; +• Ts , 

we uust have » T^p + Tgp = Tp at the wall and T^g + Igg = 

Tp outside' the boundary layer, if Tp is the temperatur"e 
of the .wall and Tq . is that o'f the undisturbed fluid, 
Pron these relations, on taking equation (4) into - account , 
we obtain , , 

^sp ^38 ~ "v^o " .^^ip "•■^3t8^.~' ^p " ^0 ■" 2g B c ' 

The last formula connects the temperature field with the 
velocity field. It permits, for each l'aw,., ^h r o distribu- 
tion of the latter, i ja ... o rd - or t'^ dete'rminej^the . distribution 
of the former. On denoting by 9 = T - Tq ''^the temperature 
excess above the. outside temperature and noting that 

TT^ 

T = -- — ^ is the temperature increase re-siult.ing from, the 

2g E Cp ■ . / 

adiabatic arrest of the fluid, we can write 



e = 



^he" effect of the frictional heat appears in the term T ^ 
whose quadratic dependence on the velocity explains again 
why it is permissible . to disregard it for low values, iTat- 
urally. the- p-reced-i-ng expr-essi-on contains', as particular 
cases, the two from which' is deduced by superposition, the 
one for f = Gp , the other for T = O,- 

This demonstrates, moreover, the existence of ■ a mazl~ 
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.mum value o-f. 0 for — . ~ g f ^ ~ wMdh is "nniirTrr*' in 

tlie boundary layer and therefore exists in reality only- 
for - T < 9p <. T In the cases of practical importance 

(for which 9p is positive) the maxiraum b.ccurs at a very 
short distance from the wall, due to the rapid increase 
in the value of u near the latter, 

Coraing to the nost important question, that . of heat 
transmission connected with the field now und.er investiga- 
tion, it is known that the flow of heat from a tepp.erature 
field, deduced from two others hy superpo si.ti on. m-iisti be- 
cause of : its linear dependence on the field, coincide with 
the sum of the flows corresponding' to the field components. 
In our case, since no heat transmission'correspbnds to the 
. first field, it. will coincide with that due.'to the-.'second 
field. ■■ ' 

Thus ^ .-if ..^ • indicates.. the ;effe'etive-heat taken- from 
the plate per time unit, it is given hy Latzko's formula, 
in which T2p--"*--^s8 replaced ty the value just found 

. ! = 0.0356 7 Cp v{f.^f"-(Bp - 2j-|^) . • 

It is possible to arrive at this formula directly, if, in 
the heat balance from which Latzko's fornula is deduced, 
account is also taken of the heat of friction. In the 
praseht- scheme, according to which the plate is fixed and 
the. fluid flows past it, this corresponds exactly to the 
energy lost hy the fltiid contained in the houndary layer. 
The total energy "balance, expressing the fact that the heat 
transmitted from. without and that of friction must be found 
entirely i,n the boundary layer, is therefore written 

q + / p ul^Jil dy = ■/ E- Y Cp (T - To) dy. 
0 o' 

If T - Tq is replaced by the previously found value, we 
obtain . . 

which, coincides with the previous f orinulai -iwhen' the Zarman 
velocity' distribution, is assumed and .7.. and. ..Cp are kept 
constant, ' . ' - 
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In reality,' if -the assuffled ■.co-n-stancy, f or Cp is. largely 
justified, the case is otherwise for the d,ensity.,. whoso va- 
riation ,tfan .he no longer disregarded when the temperature 
variations at diff erent' point s in. the • fluid are large , as 
is shown "by the great teiaperatupd difference hetween the 
plate and the ^f luid ' and "by the high velocity. Putting 7 ;= 

to ~, or^ ' approximately 




under the integral and substituting the value found for 

= 0 and integrating in the case in which Karman ' s 
law is assumed for the velocity, yre ohtain a correction 

f. act or of 

1^ Gp 8 T 3 Gp^ 4 TGp . 18 

5 To . 55 To . 55 Tq^ . 55 Tq^ 715 To 

a function of the- temperature of the plate and .of the ve- 
locity, decreasing with the increase of hoth. It is ohvi- 
ous therefore not only that the heat transmitted is not 
proportional to the. temperature difference 9p i hut also 
that (as shown by the correction factor) it does not de- 
pend on it linearly, because of the diminution in the heat 
capacity of the. fluid in the boundary layer with increase 
of temperature iv' 

The confirmation of the existence of such a factor is 
sought in experimentation, which, so far as I know, has '.. 
hot yet been developed iii this direction. The only- experi- 
mental investigation of my theory, in which it wa« sought 
to determine (though only as a secondary object) the de-i 
pendence of the transmission coefficient of the temperature 
(reference 5)-, .shows a behavior very similar to that defined 
by the correction factor now, written, when, due to the- in- 
adeq.uate experimental velocity, it i s put at T = 0» In 
the further developments, however, we shall disregard this 
correction factor, whose application does not seem justi- 
fied by the present uncertainty regarding the practical 
values of the coefficients of heat transmission. 

Retaining, therefore, lialzko'''^^ simple formula,, modi- 
fied, as has been : shown ,. by • the substitution of'.Gp - T 
for 9tj » i't is known, however, that this result is valid 
for. any effective value of the coefficient of transmission, 
as shown by the simple consideration of equsitio'n ^(6.) , 
Moreover, it is permissible to assume that it is also val- 
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id'/f pi; .aiiy^f orm of the "bodir considered, • even differing 
frbm '.ijliQ 'Xamiiiar, 

In order to prove this .assertion, we start with the 
consideration of the equations for the , "boundary layer in 
the more" general case where" the pressure varies along the 
"body, confining our researches to planar, motion,, though • 
the results can he extended to motion in three dimensions. 
Ihe hydro dynamic equations substituted for equations (l) 



are 



bx ^ - ay P dx , P By \r ByJ 



3(Pu) ^ B(Pv) ^ 0 
■ 3x . 9 y 



(1') 



P "being a fiinctibn of p and T, 
of both the variables x and y. 



or, in:.the present case, 



■The limiting conditions- are- the- same as' for equations 
(l) , but it- is noted that here dx . is taken at every point 
of the .sur,face -of the body acco.rding to the tangent to the 
surf ace in the- pi &ne of motion, and dy according to the 
normal'. 

As to the heat equation corresponding to equation (.2) , 
it n^' be obtained by applying to an element dV of the 
fluid the first principle of thermodynamics, dQ .= di - 
Avdp', -With respect to the element of volume and to the 
unit of time-, it. may be written 



7 dV - Av ^^ = 



7 dV 



dt 



The heat, in jjart conducted into, the element and in part 
produced by friction in the element itself is given, as 
for equation (3) by • 

dt I^-Qy V dy / E \Sy / 

Moreover ■ ' ■■- , .:. 

- ii y- ^ K ax 3y/ it . . .dx*. -.^ "et*. , 



and 'the therBiodynamic ' equation, divided- by...--7 .Cp...d V, 
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he combes 



with 



91 = 

By ay 



Op By 



p. ... p 

= 0 for y.-= 8. 



Po3^ the turhulent ■boundary layer, utilizing, as before, 

= 1 and comhining equation (2') with the first 

°p M-turh ' ■■ ■ . ■ -u •■ 

of equations (1 0 multiplied "by — = :- the terms contain- 

dt) ' S 2" Cp • ■ • 

ing g~ are eliminated and the same equation-. (4) is oh- 

tained in the heginning, _apart from the presence of the 
factor l/p and the suhstitutlon of IJ-turh Vturh 
the second memher. The first of the solutions is then 

- ■ . u^ ' ■ 

rp + _ — _ = const 

■ ^ 2g E Cp 

which, now includes' the whole effect of the heat of friction, 
On putting, as at first, . T - = Tg, the equation in 
Ts , identical witlv' the one oTatained from equation (2') , 
by canceling the last term, is not .homogeneous, thus dif- 
fering from the preceding case. It is easy, however, to 
make it homogeneous by noting that, outside, of the bounda- 
ry layer, the equation in Tg yields 

■ d Tog U dp u 1' dp d H^s^ . 

Xj — ii = -r _ — _ and therefore . = rr 3 — u -~h — — • 

dx • E Cp 7 dx* ., E Cp 7 dx . dx 

By substituting in the equation in is and noting that 
Tag is a function g^-'4^asgs=s!SiS^g^ x, we obtain the 'homoge- 
neous equation Shi^^ of. 

PCis Bds - ^26) 1 3 

. a — J. Y ,. , " . =: _ — ~ 

Bx- By P ay 



aCT^: - .Tgg) 



M-turb gy 



of a form analogotis to that in Tg in the case of the flat 
plate,- bu1; *»o longer . .s.§.t.l,af i.e^^_by,.a^^^^ of distribution 
-strictly similar to that of the Teiocity, since equation 
(1 '.) in u is no longar homoee'neous nor analogous to tlic 
preceding equation; ' In practice it is also .customary to 
assume f.or . the velocity a distribution siiiiilar to thkt valid 
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for the plate. In the same order of approximation-, the 
law of similitude could also he assumed to he valid. It is 
.possihle, however, to arrive at the same result without re- 
•■ sorting to this assumption. In fact, due to the homogene- 
ity of the last equation and the constancy of T^p - T25., 1 
the solution of the last, equation nay be put in the form 

?or the flat plate we have, as already seen, f (x,y,u) = 
1 - ^. On utilizing this relation in equation (5), noting 

that u = u(x,y,U), 6 = 6(2:, U) and putting 

6 ' . ' 

. / 7 u f Cy,x,U) dy = a(x,U) 
0 

(the coefficient of transmission when no account is taken 
of the heat of friction), the heat removed from the tody 
r.p to the point of the ahsci ssa " (curvilinear) x is given 
by 

Q = a(x,U)- - T35). 

Analogo\isly with the foregoing case, since T^-p - T^r = 
= — , Up "being the local velocity outside of the 

houndary layer, we have 

"Since, in the hypothesis of adiabatic transformations 

X-c + _ 2 — = To + f and U indicating the ton- 

' ° 2g E Cp ° 2g E Cp ° ■ ; . 

porattire and velocity of the undisturbed current, we obtain 
dofinitoly 

q = a(x,u) (Tp - To - .^-—T-^ = a(x,u) (Sp - t) . 

"C.ons&qtiently we nay express the following law,' 

The transference of hea.t "between any object and a flu- 
id flowing by it, when it is no longer possible to disre- 
gard the heat developed by friction, i & governed ■ti'^e 
same law that applied- when it is negligible,- prdVidod the' 
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t-qirip,eP;:at-iaro to-.-i^hdepi- .the. iflui'd- .i "by adialiatic- ar- 

rost ..i-s -..eon^Xc'-cred .a-s j;it;^;^.to^rnpdp^^^ 

■Tho result. ,(al tlxoiigh ^it. c'aii' "be formulato'd .so simply) 
r]i.a-q:. ;imp-,ortaB.t conspquence.s... .' In order to explain it "br l.of- 

ly.f? ;i t ."i s- - Qonvenient t.O:P;qfor. to the case of ■ the. flat 
•'plcvtc^ just consider cd, : I-t is inmodiately obvious that the 

t.Ean.siii..s si o.n of he3.t , whiehiis zero at zero -volocity, is 

also nulllfie.d- for ■ .:— r-il^ = 9-n • Thi s, .statement . contains 

• ■ .., -Ss E Cp . P . 

nothing new .'since, for 9p = f, we return to the known 
•case ;of a heat-proof wall. 

Pron' the nullification of Q for two values of the 
velocity i s deduceii the presence of an intermediate naxi- 
riun'which is easily defined hy a simple derivatioa-with 
respect to U.arid -9r,' assumed to lie constant. It is then 

foiihd that for. ■ ~ ^ 6p B.nd. therefore for a velocity 

but little ahove half that for which q is nullified, .. Q 
assumes the maximum value of 

Heiice a = passes through a value that is insupera- 

hle'i'or every 9p assigned and that increases slowly with 
9p' 

Ahove the velocity which nullifies the transai ssi on, this 
■becones negative, i.e., the heat, instead of passing from 
the plate to the fluid, passes in . the oppo si te directioi^ 
■,and, as the. velocity increases , the coefficient of trans- 
mission increiases indefinitely in the negative ' direction. 

In order to illustrate more clearly the "behavior thus 
defined, there are plotted in figure 1, in terms of the ■ 

velocity and in correspondence with certain values of 9.p , 
the curves for the quantities of heat carried off "by each 
Square meter of a plate one meter deep. In the calculation 
there are assxime-d for 7, Cp, "and x> the values relative, to 
the air at" a tei'mifer'ature of ^©"g C6;8£-Slv4-.----. Siiic.e i.t .i s 
practically possible to asane that for. a thin .wing . the be- 
havior is nearly the same as that of thc flat plate, the. 
graph gives 'an idea of the po s sibili tie s: of"'a . wing, radia- 
tor af zeto altitude, A mean' temperature ■o.f . the' radiator 
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of 80°C (176°F,)t)cine aesTiEiGd, th..©' corresponding curvo is 
the ono for Op - 60 . This shows iniaodiatoly how the 
cpoling power of a water radiator passes through a naxi- 
raua Value at 200 a (656, ft,) per second and decreases he- 
yond this velocity to "beoone zeiro at the velocity of sound. 
Above 350 m (1,148 ft,) per second the heat transnission 
becomes negative,, the cooling power is converted into heat- 
.ing power, and. the radiator becomes harmfTxl, In order, to 
increase its range 'of applicability, it would appear pos- 
sible to VlSq some, liquid having a higher "boiling point 
than water, as has" already been done in practice, though 
for other reasons. With ethylene glycol ( "Pro stono ") , for 
example , Gp could roach 120° 0 (248 F.) and the cooling 
pow^or would remain up to 500 m (1,640 ft,) por socond. 
The convorsiTin- into hoatiug" power would still take place, 
however, above .a cor tain velocity, The radiator -would 
then bocouo usolo'ss, ■ oven before the cooling power is nul- 
lified, since, as tho. latter aipproachos zero, the area 
requisite for giving off. a certain quantity of heat would 
increase toward infinity. 

Matters would be still worse if the results of this 
investigation were applied to high-speed flight- at high 
altitudes (stratosphere) in what is termed " superaviati on, " 
(aefereace 6.) In this case, for a given airplane and a 
given take-off speed, there would be, for every different 
flight speed, an econoiaic altitude at which the efficiency 
would be tho greatest. In tho heat-transmission formula 
it would be necessary to talco into account both the varying., 
air density and the temperature drop at tho difforont al-* ' 
ti-fcudes and consequently at tho different speeds. 

This was done for the two cases, radiator with wator 
and with qthyleno glycol, in tho case (developed and cal- 
culated in the arijicles referred 'to) when the bconomic- ■ 
spood at zero altit-ddo is 80 m (262 ft.) por second, Tho 
results are plot-tcd in Figure 2, Bvidontly tho portions 
of tho curve running from 0 to 80 m (252 ft,) por second 
cblncido with the corresponding curves of Figure 1, Be- 
yond these speeds the " airpls^ie ga,ins altitude and both the 
air density Q,nd temperature begin to decrease with oppo- 
site effects" on the transraission. of heat, T7hile the 'lowerr 
densi-fcy is unfavorable, the lower temperature of the "air 
(ass-oming tho tomporature of tho radiator to remain the' 
same) facilitates tho transfGr of heat, especially in tho 
case of the water radiator for which the relative increase 
of G-p is much more -pronounced than. -f br the othor. Hence, 
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wliilo tlio cooling power docroasos . for tiib lattor and tlie 
altitude shows .hardly . any iiicro.as3 , tho docroasp in don- 
sity p'rovailing i.oTor. thb incroasb in . Bp , for tho forinor 
it continues, to. incrbaso, until , as tho strato'sphoro is ap- 
proachod and tlio tonpofaturo 'graSiont' doer o.as.os, tho dim- 
inution .of tho don^ity gains the advantage, 

in hoth capos tho laaxiniura . c ooling ppwor is.roachdd. 
holow 100 m'(328 ft.) por socond, ahovo v/hich it falls 
rapidly, so that, as it is. nullified for tho. samo values 
of tho. spood as at • zoro. altitude, tho fiold suitahle for 
tho use of the radiator is greatly rostrictod in.hqth 
cases. 

This fact is still more clearly shown hy., the , curve 
5/q,. . described Ijelow the first curves in Pigttre 3 and in- 
verted xvith respect to them. It is, known that the afea 
required to transmit a given' quantity, of heat increases 
rapidly after tho minimum is reached at 100 'rai/.^,' so that, 
B.t the velocity of sound, an area eq'fi.al to four times the 
minimum is required in "both cases, .. 

It should "be noted that any increase in the radiating 
surface heyoud the tot.al area of the wings and fuselage of 
the airplane would., in any case , "be" detrimental for. the 
eiiiciohcy, hy increasing tho drag which is already so 
pronounced at high s'poods. 

Lastly, it is well to call attention to ainothor ques- 
tion which, without toing so vital as tho cooling of ' the 
e.ngine, nerits some consideration, namely, that of the very 
high temperature excess on the surface .and inside the cahin 
(&, A. Orocco, loc, cit,). Evidently, if the wall were 
heatproof, and consequently 9- = t» its temperature would 
exceed the outside value of T and would reach values of 
several hundred degree's. Due to the poor conductivity of 
the wall, the temperature in the caliin would n'ot be very 
seriously affected, hut tho mechanical resistance of the 
material of which tho wall is composed would ho diminished. 

If, however, as is actually the case, the heat can 
pass through the wall and hence be transmi t ted by . the 
boundfiiry layer", the f-ormul-a- found fcr.. .the. transmission 
makes it possible to determine for any velocity the tem- 
perature excess of the wall in terms of the heat 
transmitted through it. Conversely, if it is desired that 
tho temperature of the wall should not oxtcood a certain 
value, tho quantity of hoat to bo carried off can bo do-' 
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terrained from- the teifiperature • excessv 

■.Thiis was- done in figure- 3 in-tlae case .of , s-up er aviation 
when the' tond "Detwe^Ji'' altitude and velocity was the same 
as that • iise'd ■ shortlv' ■Before, Eere it is also assumed 
that the behavior 'of a' streamline "body is similar to .that 
of tho platp which, for oxamplo, is assxuaed to have. a 
length of onc"'inotor, : For any.othor length of I motors it 
is nocossary to divide tho values of Q/.S /by . 1°*.^, 

The nore logical and convoniont soltiti on . i s to covor 
tho otitsido of tho ro'sisting uotal wall with an insulat- 
ing and refractory wall., internally coolod, for Dxapplo, 
by liquid air. In this case thoro night bo a groat tc-:i~ 
perature excess 'of tho outer refractory wall, while. the. 
'snail . amount ' ot' heat transnittod, would bc . absorbod by the 
codling ne.dium, without the metal wall or the interior of 
the cabin being detrimentally affected by tho great tem- 
;pQrature otscqss, The consumption of tho cooling liqiiid ". 
would be very snail, ■ ■ ' 

This problem could bo solvod without very groat dif- 

fic\i.lty' as compared with the preceding problem of the ra- 
diator for which the high velocities seemed to present an 
insuperable obstacle. This confirms tho assertion (&, A. 
Crocco, loc, cit.) that, at least -as regards cooling sys- 
tems differing from those now in use, the solution of the 
problem of extreme velocities . (sonic and supersonic), to- 
ward which the trend now is, cannot be found by way of the 
explosion engine. 

Translation by Dwight H, Miher, 
Ilational . Advisory Committee' 
for' Aoronautics, 
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